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Abstract 



The invention provides a semiconductor device that has a fully depleted MOSFET and a partially 
depleted MOSFET having excellent characteristics on the same substrate without effecting control by 
means of the impurity concentration of the channel region. A semiconductor device is provided with a 
fully-depleted SOI MOSFET and a partially-depleted SOf MOSFET on the same SOI substrate through 
isolation by an element isolation film. The SOI substrate includes a buried oxide film and SOI layer 
provided in succession on a silicon substrate 
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SFKT t ffid^glMO SFETi 

i o j*. m^mm 4 ^ ± 

ot*f ^BStlfc^aSISO I -MOSFET1 
2 tasjJ-ffiaSSO I • MO S F E T 1 4 £r£rfp] — SO 
l£«±M«;tTV^ 0 SOlSfill, i/JnySfil 
±^ffl3iKfkiR2&^SO lJB3S:Wft*r-*-S 0 
JSMOSFETm y-MtiklKSOlKatToxl^ 
8nrat + $)^ SO I jl3OJKJ¥T S 0I l=5 6nmT? 
*>9, f*t^^Ii^^P yggN A 1 = 3X10 17 cin 

BMbR5 0!>BW:Tox2 = 1 2 nm-efc»9. SOII3CO 
^JOfiTsoi 2 = 59nmT'fe») % ^*/MH*Ktf>tf?i3 V 
I A 2 = 5 X 1 0 17 cm" 3 -Cfc5 o 



3-4 
2 
1 




SOI MQSFET 



r x 3 

14*W>3SS£l 
SOI MOSFET 



1 

■ m^mm^^^x, 

^±^m soi -MosFET (dy- v mtwkcom 
j?, soi m<ommRTf^^*si'm&^f&mm&fr, 

soi Jl ^RJif&U^ t^^fi^^^ftiiS J: 

mmo 

iat*«"'2] S^SISOI 'MOSFETi^i 
SSISOI • MOS FET^&H— gffi±Kra;t*:¥ 

^^k^M SOI- MO S F E TXtffflS^SSS! S O I 
•MOSFETIt -tn^tl, EICRff©^-- hSMfciBS 
Sr^TU ^S^ISOI -MOSFET^SOI 

SOI • MO S F ETCOSO I B©RJ»Rt*?-V*/MH 

4** it-S 

SO IlS^SO Il^^f Lt^^MSO I 
• MOS FETJgfigffllgeSt/W^aSSO I - MOS 

f e Ti&tfmm&mtirt-* xg t . 

$E±&!£m SOI - MOSFE T tffflS^g: 
^^Alli:, 

^^^M SOI • MOS FE TffitfL&m<D S O I B_L 
<DM 1 h»ftR*lfe5fet5Iii, 
ffi^SSSSOI -MOSFETMg^y-hKft 
««t«9Kff<Z>*V^— hK-ft;R*^±ffiS®SO I -M 
O S F E T*fi8ft«I^Btt5ISi S:«x.tV^5 i t 

^y^v8S±lcIMMWSO I 

SO I S«^> SOU SrKf L T^SgS S O I 

•MOSFETMi^W^SSOI - MOS 

F E Tm&fRigz&M!&-rz TM t . 

^±^m SOI • MO S F E T»j8«*fi&I*»#3SS. 
MSOI -MOSFETMI^I^SOllia 

fti^-c, s o i i±(cg i oy- h feM 
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^^SSOI 'MOSFETM«OSOli± 
S^SSOI •MOSFET^fScO^hift 

rj; vmmom^?— hSM^^iso i • m 

0 s f e t m&mm^f&mi- 5is^ s o i 
* mo s f e rmAWSRtm»^&M soi • mo s 

FETMI*^*OSO I I±(D^- h®tft:R£rl& 

giSJiSOI -MOSFETffi!!««StJf 
70 8M5-g££§!SO I • MO S F E TMfiJjiOS*© S O 

[IS*3S5] ^±Q3lWSO \ -MOSFETMI 
«Eat/«»SSlSSO I -MOSFETMi^I* 
<D S O I S JiM*? fc h «?YkBtS:fiKlR-r -5 Igt- 
f*, Si^ISOI -MOSFETMSiMW 
ffiSS! SOI • MO S F E Tmj&mt$t<DMjj<D SOU 

5 Iff #31 4 fcRtt<D¥«ff*B<DMit*8fc 0 
^ [»*S6] »»$2lSOI - MOSFETi^ 
^ISOI -MOSFET^nlft^MOSF 
ETtfcot, 

SAIS-C^p >£&A-t"S r t §:#MS t -T 3 

3 6 <D 0 *><Z>V vfih^ 1 :gKia<Rtf>¥8MM£ 
[0 0 0 1] 

l&mom-t-z&ffi&m] sb^^msoi 

•MOSFETi: 7fe£^;£M SOI • MO SFET^ 

U H(-S¥«H-fi^SS®SO I -MOSFETiS 
^iSOI - MOSFET^t^V ^ffilEOl^^ 
^^iSOI -MOSFETOft^ 

40 [0 0 0 2] 

[ffiSeogefff] ^jay.^./r^a^ (so 

I) IS:tt5SOIifi±|:*tfSjifcSOI - MO 
SFETii, «e*^</u^S*EJitc:^SixfcMOSF 

[0 0 0 3] SOI •MOSFETtCtt, S^IS 

01 •MOSFETi, ^i^lSOI -MOSFE 
50 T<0.2«a;6i*)5. ^^ISOI -MOSFETi: 



3 

ii, SOI JioKff Tsoi tf s **:££/i«Wmax J: 0 t 

i^MOSFETt-fc 1 ?, ^SSISOI -MOSF 
ETtlt SO I JB^KffTsoi * s **:^JB«Wmax 
iHS^MOSFETT'fcSo £ ^. 
ifrgWmax tt«feS:"T?^X.e>*t5a 

Wmax = ( 2 e si f o 2 0 F / Q N A ) 1/2 ( 1 ) 5t 

<f>F = (kT/q) In (N A Ai ) 

= 0. 0 2 5 9 In (N A /1. 5 X 1 0 l0 ) (T = 

3 0 0 K(Dm&) 

ZZX\ e si . : v-y 3^(OJt»l«*. £o:K^^9i« 
q : *S38r 

N A : k : */vy-r>'SiR, T : fflg?. 

[0 0 0 4] SB^SSiSSO I -MOSFETit 

^ISOI 'MOSFETIt v"^* — 

K;w>^ (S) i-S- 4: is-e*. {gmffiT-^ 

iSftf£"C*S. -^CT% Ctlf>2llOMOSFET^ 
H-SO I SffiJifc^jSU lH!KJi"e»^toii:Sr i: 

f^r 5«tbfc«ttO L S I «:«*t5 r t #"C* -60 
[0 0 0 5] ir^-C, Si^^lSOI - MOSFE 
TSr^/Si-Sfca&fci*, SO I «cdB?J?Tsoi £/?<i~ 

t>L<te (1) ^:toXffi«|N A ?:il< 
LTWmax Sr/h& < *5 <fc 5 t-KH-bftfttbW*^* 
V\, — ^4$SaS0I -MOSFETWtS 
fcfclnf*. SOII^lfTsoi Sr«<-rS*^ t>U< 
(1) *lc|£oT^S(6ft»*NAS:<B:< LTWmax^^ 
S < *S J: 5 l-R^-T <5i&5W s *>5o 
[0 0 0 6] #jx.i3. M. J. Sherony, et al. , "Minimizat 
ion of Threshold Voltage Variation in SOI MOSFET 
s*, Proceedings 1994 IEEEE International SOI Confe 
rence, pp. 131-132, Oct., 1994 t£ <fctU;f, L#Wi^l 

EEVt ^ s o i momm t si^^-r-m^m^m^ 

LtV^fH*e«U »i>SS®MO S F ET|;4ot*3 
V), — *\ L#vHfiV t dSSO iScOKfftsi^fiTi: 
*t-ffiTLTV^««(i, ^^lMOSFET4o 
tv^o JEfc. «T»XiKtcJ;*ttf x SOlStf>BWT 

S0I2= 5 9 rim, t ? J t^Sl'ffi}$<0^t6y39kBENA= 5 X 
1 0 l7 cm- z X*te$$fr£l£m SOI •MOSFETt'fe 
0. SOII^i?T S on=5 9nm, ^ir^/MHScO 

^F#fiftai«NA= 2X1 0 17 cm~ 3 --C«:S££ffi£S!SO I 
•MOSFEKC^S^ Ltl/^o 

[0007] ::t% msz&mLX, ^^Imo 

SFETi 8J»$tlMO SFETi S*E±(C« 

«U f t^^IS(W^fiS$rf t S ^ i ^) n f 
t^/^^SP^MSO I - MOSFETi:nft^ 
sisM<Dft±&%.gl SOI- MO SFETt £PJ— XSE-h 
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0 5 (a) (C^-T J; 0 v-y^ 
ffi5i»ftlK2, SOI13^?)45SOlSfi 
±«c»^HI»fbR4*:«Blb"C, *4a2iSOI • 
MOS FETM««1 2RXfU^^SO I - MO 
SFET»*«*14i»«t5, *-T-»«iMbB!4<0 
7f2/&&cDSO IJB3eD»fftt, 6 3 nmlCRjfc-r 

pyaA^K-Xiit ^i^iso I - MOSFE 
[0008] #ct^ [is (b) f^-r £ 5 

SOI -MOSFE TJgfigfH* 1 2 fcjg/* U fflJ^g 
iSOI ^MOSFETf«14WIC, SRW 

©K-Xiiflt^T, 8B45-ffiSSSOI -MOSFET 

^ timfgLZtiz&itamst, ?Rtf5 x 1 o 17 cnf 3 tc|££: 

[0 0 0 9] i5 (c) lr^-f-J;5f^ ^*^£r 

|»*U SO I *SJi^«lCgf^(7>l«ff. Hitf8nra 
<0«ff^y-MftYtBt5S:^j«i-« o SOI 

9nml«(C*5o 115 (d) {CTjk-f X 0 (C, 

[0 0 10] «Ji<DSiafi^8fe(Cj;or. ^^SMO 
SFET12TH SO I A 3£>®£JPTsoi 1 T 
soi 1 = 5 9 n ^*yMH«<^*«W*£NAW:* 
N A =2X10 17 cm" 3 i:%§ o — S^IMOS 
FET14T1t SO iJlOKffTsoi 2 tt\ T S 0I 2 
= 5 9nnu ^^UffiJSc^iKttftliWAi** Na~ 5 
X 1 0 17 cnT 3 £>fc5o 

[0 0 1 1 ] 

^■ffi^fi^ttttaftCO^-Cfiff^SaSSO I -MOSF 
40 E T 1 4 £ SOI- MO S F E T 1 2 £rig 9 

##T^£*:#>, S^JSMOSFET14i:^ 
JIMO S F ET 1 2 CDLtl^^JEVt £>^2 5 . 

tfM»3tiR{-re*o09T*(i:o. 5 vicfcttSfca&fc, 15 

ftM4"C#*K *fc, ^i^ISOI -MOSFET 1 

*\ SB^ffiSSSO I -MOSFETMt^SJi 
SOI - MOSFET12 03X*Sr-t*b-e4x*jg*»fiK 
T?»fiK-f-SfeJ6{C«t, SfP^^SS! S O I - MOSFET 
50 14.t*4aSasOI •MOSFET12feMtl j e 



(4) 
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[0012] -err*. #389!<z) a Wf*, ^*/u««<z> 

tt^rtt^x^^SMO S F E T <t «fB»gg:SMO S 
[0013] 

tc. #«^;i« #10>»H) 
gJS^^MSOI •MOSFETt^iSSiSOI • 
MOSFETt «rH— Kfi±^«*.fc*»*3giHc*3V% 
^^ISOI •MOSFETCoy-hMI^ 

K«. SO ia<oHt*R^-t*y^««<o^tt*ji« 

^ ffliJ'SSffiSOI - MOSFET^- M&flsRtf) 
K*. S O I I^ff^f-T^^^^gSi; 

[0 0 14] £fc, #RWfcftSS«eo^fHfi« (SJL 
T\ $2W^) (i, SMJ-ffiSS! S O I -MOSFET <?0 
^iSSSSOI -MOSFETt^-SS-bM 
^.fc^flEjSlg^feV^-C. ^aso I -MOSF 
ETTOM^MSOI 'MOSFETH ^tl^ 
*U I^ICJ»J5<Z>^- bKftKSr^rU t^o^^MS 
OI -MOSFETOSOI l^!J?Mf t^MS 
WSJ-S^SSO I -MOSFETOS 

[0015] _hiejg i (z>*M(o^gKt:3sias:»i5a-rs*- 

I • MO S F E TMSMt/a^^l S O I -MO 
SFETM««S:ig«t5Iiis ^SOIllC 

1 <D?- vmwR*f$tetz>m 1 o**- h^^j^x 

mt, ^i^iSOI •MOSFETKjtfiUOSO 

mm<Dm^—hmitm^^±^mso 1 -mosf 40 

[0016] JiE* 2 (D^P^(D^^e$:Kit-r5^ 

s o 1 sso s o i m*m*&nt \*x&s*&&m 

SOI • MOS FETflS?J««*fi2it^«»ffiSatSO I • 
MO S F E T»fiSfi«Sr)g*t5lSt, »OSOI 

hmtm*f$m-rz>m 1 <s>y- hisM^iis so 
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e 

b* S^ISOI 'MOSFETMSa^SOI 

mSOl -MOSFETJgfiKffi«(Oy»-hKftiR«t«5K 
ff^*V^— h»ffcR&5££3S2S!SO I -MOSFE 
TMIiSlcMt^ia^M^SSO I 'MOS 
FET^«*eXU5fflj^gg^gjSp I -MOSFETf 

St. #;^T% ^JiSOI 'MOSFETMS 
ttMtt^lSOI •MOSFETMS^W 
©SOI /l_h(C$f7t^y- hfefcl^ltSlSt £r 

[0 0 1 7 ] 

#IMl£*1»«»±* 1 O^^O^^fiCD^ffi^S© 
-«-efcot, H2 (e) tt#ft£«ffitf<Z>^Wtt&a 

oi^f«i:^^txv^ 0 #n%^ffi«i(o^^is 
Hoi*, n]2 (e) t^-rj:5t-. m^mm^^x 

oXm=F&Wk£tl1t?E±&l£msOl -MOSFET 1 
2i:lfiS^^asO I 'MOSFET 1 4 b&ffl — SO 

i m&.±\cmz-x^^z> 0 soissis, v'^yssi 

JiKS&BKfcfflS 2 xt^ soil3 SrJKft^r 5. 

[0018] 1 0 (D^^M^M SOI- MO 

SFET12TU h&*fc«5<Z>KJ¥Toxl f*. T 

OXl = 8 nm-CfcD > S O I Jf 3 CORJ¥T S 0I 1 J*. T 
S0ll = 56nmt*fc^ ^-t-*/^ffi*K«»Kn vftSN A 
lft N A 1 = 3 X l 0 17 cm" 3 r^5 o — 
iSOI -MOSFETUm h»flsR5(£>BS 
ffT 0 x2ft, T 0 x2 = 12nmT^^ S O I Jf 3 COM 
ffTsoi 2li, T S oi2 = 5 9nm-CS)t), ^^ffi 
i$CD/tf P y$ffN A 2 N A 2 = 5 X 1 0 17 cm" 3 T*fe 

[0019] 0 1 SiS$m 2 Sr#B8 bT. SlJfiflglS 

mi oM*ggi o^sjas^sr&w-rso hi 

(a) (c) Xt)^H2 (d) £ (e) tt, 

©1 OSr»3fi-r5#XST^Ji«5e*^-r*f®HT**> 
So ite1\ (Hi (a) t^-r «fc 3 s/yaySSH 

(soi) aasrWftfl-rssoiXfii^aif^niK 

^R4£j5ScRLT. ^SgiSOI - MOSFET* 
2at^SfB^S®SO I -MOSFET««i 
814 $rWt5o *^5>«Btft:K4 Sr*/8 Ifclw S 
OII301J5I1 Wx.fi 6 5 nmlCK^i-S, t<0 
Lt^ffifMWB©^— h^p>ftA?rSO IJB3K 

l 0. 17 cnT 3 lc:R;ei-£. mi (b) C/TtJ: 3 
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S O I ifi JiilCKJ! 1 0 n m^)S 1 F M 

SOH3«)$S©vy3V^ BMfcK/£fi©fc«>KiH 
. »$ixSco-C, SO I Jl 3 ^RfffiMfij 6 0 nmtc«^-r 

[0020] mi (c) M^-r^ptc 

Sr«4}-2SSS SOI -MOSFE T^ricffi« 1 4 
U ^^ISO I • MOSFETfMWl 2 <7)fg 
iy-h»fl3!R8S:aW«I^*f5o 01 (c) * x 
5 li«$5J>££S! SOI- MO S F E Tflg/jRffl« 1 4 \zB 

[0 0 2 1] i2 (d) {CTfk-tX o -^^£r 

^S^aiSO I 'MOSFETMi^l 2 -CIS, 12 

hmtm9 (D&m(Dfztb^, m2#- h»ffcR9<oTJfi 

OSOI|3^lSli5 6nm»>t^o — * 1 
hBSYl2K5S:«U^SFB^aSSO I -MOSF 

flSfc: 1 2 nmfCil;*;U SOIl3<Ogf|j; 

5 9 nml:/^ 0 Si^iSO I - MO S F E 

hSMfcRco/SRi^KflS 1 V— Vmtms tplcl&t) 

/Uf^^^DyMfl, 5X1 0 17 cm" 3 *»e> 3 X 1 0 17 

[0 0 2 2] #CSC, 0 2 (e) iC^T £ ? 3^ £5. 
iSOI • MO S F E T?gfiK«« 1 2 Xtfffi#£:£S! S 
OI • MO S F E T««{|« 1 4 l^tlf Jxy- US 

MOSFET12m KBMfcR5tf>RJ¥T 0 Xl 
fS, T 0 xl = 8 nm-Cfc*) . SO I i 3 OlfTsoi 1 
Tsoi 1 = 5 6 nm-Cfc 9, ^ ^/UWicOtfr u ^ 
»«N A ltt, N A 1 = 3 X 1 0 17 cra- 3 T*fc6o S$ 
»^ISOI -MOSFETMI«cl4m 
MSKbR5<E>RBCTox2tt\ T 0X 2=1 2nmt^^ 
SO I Jl3£>RJ*T S 0I 2tt, Tsoi 2 = 59nmt'fc 
•9. ^-y^y^^0^ci^|g^NA2fi:. N A 2 = 5X1 
0 17 cnf 3 -Cfc£ o 

[0023] ^ffi^^jTMi. «e*<o»ig*isfe^e>x 

a*«:*i*DS*Sw4:ft<, S^SfiSOI -MOS 
FET 1 2COSO I JpORJfCTsoi lW^ D >8SN 
A 1 <DffiJj%$$fr?EZ.%l SOI* MO SFET14J;i9 

S^^^PSbfc^^J^it-<, «±SSiSOI -M 
OSFETl2t W^SSS! SOI- MO S F E T 1 4 
cD|B]0>L*VHtt«JEV t(Dlit 0. 3ViSt/jNS< 
tS-i:dS-C*5 0 Si^lSOI -MOSF 

ET 1 2 0^&^»g£^3fe#JJ:9 t>S5 < £<D 
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[oo2 4] mmmmm 2 

m<D-mx*&% 0 0 4 (f) ii*nj6?Kiig«cD^a[ft:3g 

SS«2 0li. ID 4 (f) KL^-J-J: »*««R4fc: 
.toTSl^HIStbfe^SaasO I - MOS FET 
12t»»S?asOI - MOSFET14^Pl-S 

70 1 ilCl^ifbl 2 ^ S O 1 1 3 t ^Ix.Tl/^o 

*8ll0©tt»$glSOI -MOSFET12-C 
fi. SO I Jf3<Z)RJ?T S 0I 2Ji, Tsoi 2 = 5 9 nm 
-CS>!!K f t^/l/®*C0^PVSgN A 2i^ N A 2 = 5 
X10V 3 T*fc5 o — ;S\ ^SISOI - MOS 

FETum so imscommrsoi t S oi 

I3\ N A 1 = 3 X 1 0 17 cm" 3 T*fc^o HJfcTKIBfll 1 

Ott, SP^3£S:S S O I • MOS FET 1 4 t$E±&%. 
20 1SOI 'MOSFET1 2tlMi:K]?©^-hi^ 

R 5 

[0 0 2 5] ^ 0 3&t*0 4£#BBLT, Hffi^flg 
W2<D^3M*:3S«2 0 0>Kjg*feS:«ftWi-5o HI 3 
(a) (c) M0 4 (d) - (f) (i^fr^g 

2 O.^Si3St"S#XS^OJi«5g&^-f-»f®BI"t?feSo 

03 (a) {c^-rx 0 ir, =vaEtEi±j-s 

5£g£{bR2, SO I/f 3£M&WT5SO I&&±l^i5? 
^iiftl4«Ilt, ^iSSiSOI - MOS 
FET»Sfi«l 2RtJf{l(»aSSSO I -MOSFE 
J?<? Tfl2/£ffi« 1 4 &m?$rt-Z>. *f'»i8ftR4 Sr^fifc L 
fc«©SO IJl3 0>Rfftt\ #Jx.tf 6 5 nm^IS^-T 
5 0 fti^r*. U#v^ffl»foy-h#ByaAS:SO 

^lf5X10 17 cm" 3 (^t§ o 0 3 (b) 

ftR8 £/&g£-tfr5 0 ^o^t, »i hSMbRcb/ifc 
Rl^<fc D SO I l3^Si©S/!l ^viSJBJtStt-syh 
«>, SOIl3©RJ¥«:j|Sj6 0nmt45, 

[0026] 0 3 (c) {^-TJiptc, 7i- h y 

40 V if "7 7 4 ixyfyj/lcj;*) U>?^ h^P>^5^^^ 
Srft^ffiSS! SOI -MOSFE T7f2/££S« 1 4 (C^J* 
%&£3M SOI- MO S F E T»figfiH« 1 2 CO^ 
1 hB*{fcR8S:»^fi€j(-l»5&-r5. 0 4 (c) 
5 fiSP^SS SOI -MOSFE T^ffi« 1 4 M» 
St^Ii^- MMbRSr*«£"*-S. 
[0 0 2 7] 0 4 (d) tC^-f-i 5 tC, h 

*&mi-z>o -co^ ^ly»^^t:R8^^t9^v^y L c 

^^SMO S F E T»fig«« 1 2 XNi, hKfk 
5(? R9,ORJfW:8 nmlCftO , S O I J| 3 (OR»(l 5 6 n 



(6) 

mktiZo Sfc* ^SSiSOI -MOSFETJK/fi 

ci V flLKtt\ 5X10 17 cnf 3 J&» £> 3 X 1 0 17 cnf 3 Mffi 
^SSOI • MO S F E TM«« 1 4 ±<^y- h »ft 
SO ll3<7)gj?fj:5 9 nmkftS, 

[0 0 2 8],*!, EI 4 (e) 1^1" «fc 9 Id, 70 
ISO I • MOSFETMWl 2RXf^^mS 
OI • MO S F E T JFMM« 1 4 ^bl 2 M« 

9££"tBi96ft<. m^x s 02 (f) 

gl 8 n m 3 N 1« 2 3 ^ t , ife^T? 

10 0 2 9] IglAtfglftftl 2 T-li, SOI - M 

OSFET12fc8»2JlSOI -MOSFET14 

ge^y- hMikWk2 3 SrttSo ^ 
[0 0 3 0] 

OSFET(Z)^M?ftMS, SOIMIM 
^-Y^^««O^F*fi«»*Sr. »»$SlSOI - MO 

sFETo^hMioij?, so im<Dmm&x£?- 

iMO S F E T kMft&2.%$.MO S F E T t 30 
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[11] 111 (a) ti*h (c) fi, HJS^fii 
[112] II 2 (d) t (e) |3\ -ttt-etb, 01 (c) 

«tt«tt«io***ag««:»a-t-s#xa 

[S3] 13 (a) 3&>fe (c) I*, -tH-PiT,, Hlfi^ffi 
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